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In a Comment [T[, Behnia contends that the surface 
theory put forward in our recent Letter [2| as an alter- 
native explanation of the anomalous peaks observed in 
Nernst measurement on a single-crystal bismuth sample 
at high (> 9 T) magnetic fields [3( is not consistent with 
the order of magnitude and shape of the anomalous peaks 
observed in the experiment. We explain in this Reply 
why this contention is not true. 

The value of I ~ 1 /xm that was reported in our Let- 
ter (denoted by e in 1]) is not the "assumed" exten- 
sion of the surface states into the bulk nor is it "implausi- 
ble" as Behnia writes; rather, it is a relevant length scale 
of the problem in the presence of surface states: £= n'/n 
where n and n' are the density of electrons in the bulk 
and at the surface, respectively. Behnia also claims in 
passing that we mistook the width of the sample for its 
thickness (differing by a factor ~ 2), while Fig. 2(b) of 
Ref. clearly indicated otherwise (compare with Fig. 1 of 
Ref . LU) . This slight difference does not have any physical 
consequence for the purpose at hand. 

In a metal the Nernst signal can be written as 
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where fcs is the Boltzmann constant, e the elementary 
charge, T the temperature, €f the Fermi energy and 
Oh = ta,n~ 1 (<j X y/a xx ) is the Hall angle. It is then easy 
to see that when Oh ~ or tt/2 (as is usually the case) 
the leading correction to the bulk Nernst signal due to 
the surface states is 
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where w is the thickness of the sample along the direc- 
tion of the magnetic field. However, this estimate only 
applies to the background signal, not the amplitude of 
the quantum oscillations. For instance, a numerical cal- 
culation for an electron gas in two dimensions [5] found 
peaks in the Nernst signal due to the edge states as large 


as 0.07 mV/K for lower Landau levels, while the back- 
ground signal, strictly speaking, vanishes as T — > 0. So, 
we do not agree that there is an inconsistency between 
our theory and the bismuth data of Ref. d where the 
background signal is ~ 1 mV/K and the strength of the 
anomalous peaks is ~ 0.1 mV/K. We note also that the 
peaks caused by bulk Landau levels for fields close to but 
below 9 T are stronger than the anomalous peaks by an 
order of magnitude. 

Behnia has argued that the shape of the peaks in the 
Nernst signal can be used to determine whether the sig- 
nal arises from the bulk or the surface. However, without 
a proper numerical analysis it is dangerous to rely on the 
shape of the peaks as a measure of dimensionality in a 
system with mixed bulk and surface states. The shape 
could be useful only if the background bulk signal is care- 
fully subtracted. The shape of the anomalous peaks in 
the data presented in Ref. could support both a surface 
and a bulk scenario depending on how the background is 
subtracted. We point out that the locations of the peaks 
obtained in our Letter Q do in fact seem to be centered in 
the middle of a peak and a trough, a quality that Behnia 
argues is a feature of quantum oscillations of the Nernst 
signal in some two-dimensional system. 

It is important to note here that a similar estimate for 
surface corrections to the resistivity gives 


_ x £- < HT 5 , 

w [l 


(3) 


where /u, and \i! are the mobility in the bulk and at the 
surface, respectively. This further amplifies why the sur- 
face states are much more difficult to detect in a resistiv- 
ity measurement. Our surface theory nicely explains the 
featureless and finite profile of the resistivity (see sup- 
porting material of Ref. y) in this range of fields, a fact 
that poses a significant challenge to any bulk explanation, 
let alone one that resorts to fractionalization of electrons 
in an isotropic matter in three dimensions as argued by 
Behnia et al. H. 
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